


THE ENGINEERING NEWS. 


49 





The Hngineering News. 


MAY, 1875. 





STREETS.* 





[CONCLUDED. ] 





BY B. H. CUNNINGHAM. 
From“ Engineering.” 

V. Durability —tThe importance ot 
this is so obvious, that hardly anything 
need be said about it. Repairs are not 
only costly, but in crowded thorough- 
fares they inconveniently obstruct the 
traffic. 

VI. Rapidity of Construction, so 
that it may be quickly laid down, and 
soon opened for public use. One con- 
crete road was shut up for a month, 
that it might have time to set thorough- 
ly. But such a thing could never be 
allowed in a crowded thoroughfare. 

VIL. Capability of being easily lifted 
to give access to water and gas-pipes, 
and sewers. This operation should be 
executed quickly, so as not to interfere 
with the traffic, and the roadway should 
not be liable to receive injury from 
having a part cut out and replaced. 
The introduction of subways has en- 
abled us to dispense with this quality 
in some towns, but there are still many 
places where it is of great importance. 

VIIL, and lastly, Roughness. — A 
road should be sufficiently rough to af- 
ford foothold for horses. 

Such are the qualities which, when 
combined, make a good road. Now, in 
looking over our list, we cannot but be 
struck by the fact that some of them 
appear to be incompatible with others. 
Thus, it is not obvious how a road can 
be hard, solid, and durable, as well as 
elastic and easily taken up for repairs. 
Nor is it evident how smoothness can 
be combined with the roughness neces- 
sary to give secure foothold. No doubt 
these requisites are opposed to each 
other, and herein lies the difficulty of 
making a satisfactory pavement. But 
this is not an exceptionable difficulty. 
On the contrary, engineers continually 
have to sit in judgment on the relative 
importance of conflicting and incom- 
patible objects. In such circumstances 
they must trust to practical sagacity, or 
to a kind of intellectual instinct not 
easily described. By means of this, 
even more than by their perseverence 
and energy, the founders of our profes- 
sion accomplished their great works, 
theugh without many of the advanta- 
ges we possess. But our advantages 
cannot make up for the want of this 
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moral faculty, and unless we diligently 
cultivate it, we shall not be able worth- 
ily to follow in their steps. 

On examining our list of qualities 
more minutely, I think we shall notice 
that the interests of those who make and 
maintain roads, are identical with the 
interests of those who use them, or in 
other words, that the interests of trusts 
and vestries are the same as those of 
the public. A road and wheel may be 
considered two parts of one machine, 
and it is usually advantageous for all 
parties concerned, that a machine 
should work as easily as possible. Re- 
ferring again to railways for a moment, 
we shall see this more clearly. Rail 
and wheel are obviously two parts of 
one machine, and accordingly it is found 
that whatever does harm to the one in- 
jures the other also. Thus whenever 
the platelayer complains that a parti- 
cular engine is destroying his road, the 
driver of that engine is. sure to com- 
plain that it is being destroyed by the 
road. But we shall confine our atten- 
tion to trusts and the public. The lat- 
ter body does not like noise, nor dust, 
nor mud, nor unrolled metal. Neither 
should the former. For noise is sim- 
ply an audible sign that a process of 
hammering and grinding is being vig- 
orously applied to the road; and the 
presence of mud or dust, clearly shows 
that its material is being rapidly con- 
sumed. These things indicate bad con- 
struction, either in the arrangement or 
choice of materials. It has been al- 
ready remarked that clean roads are 
more economical than dirty ones, and 
that constant sweeping effects a saving 
on the cost of maintenance. Rolling 
will be referred to further on, but I may 
here state that as well as making a 
smooth surface, it saves a considerable 
proportion of the cost of repairs. Roads 
of some kind are a necessary of life, 
but good roads are not an expensive 
luxury. On the contrary, they are the 
cheapest form in which this indispen- 
sable means of communication can be 
procured. 

I shall now proceed to the second 
part of my subject, and describe very 
briefly the four modern kind of roads, 
comparing the relative advantages and 
defects of their respective coverings, 
and calling your attention to the more 
important details of construction. 

1. Macadam and Macadam Concrete. 
Roads of this kind were introduced by 
Macadam and. Telford, and I have al- 
ready stated their respective theories on 
this subject when treating of elasticity. 
Telford’s method of construction has 


been most generally. adopted, not, I 


think, because it is in itself the best, 
but because it is the easiest. The suc- 
cess of Macadam’s chiefly depends on 
very careful workmanship, and there- 
fore it has perhaps hardly received fair 
play in other people’s hands, though it 
appears to have worked well when car- 
ried out under his own supervision. 
But, without further reference to his- 
tory, I shall now shortly indicate the 
details of construction, which in the 
present day seems to me of most im- 
portance. I think, then, in the first 
place, that Telford’s paved foundation 
is injurious, because it deprives the 
road of elasticity, and is, in fact, a kind 
of nether millstone, upon which the 
covering is ground down. The top 
metal must be carefully selected. It 
should be tough and hard, not brittle, 
and not liable to disintegration by the 
weather. It should be broken evenly, 
because large stones are liable to be 
worked upwards by the agitation of the 
traffic, and leave spaces, which hold 
water and prevent consolidation. The 
pieces should be cube-shaped, because 
this is the strongest form, enabling them 
best to resist the weight of the traffic, 
and the splitting effect of frost. Ma- 
chine broken metal when first intro- 
duced, was very defective in this re- 
spect, the pieces being split into long 
thin rectangles, but this fault has now 
been to a great extent remedied. If 
the metal is too small, the wheels will 
sink into it; if too large, they cause 
jerks, and so break it. Macadam 
thought that the cubes should weigh 
not more than 6 oz., or, what is about 
the same thing, should pass through a 
2}-in. ring, and this size has been 
generally adopted, so we may assume 
that it is about right. It would be 
possible, however, to consolidate larger 
metal if the roads were rolled, and this 
would make them stronger, as well as 
save labour. Blinding ought certainly 
to be applied. There is a little confu- 
sion about this term, some writers 
using the word “ binding,” apparently 
from an idea that it better expresses 
what is meant. “ Blinding” is how- 
ever precisely the same word as 
“blending.” To blend originally meant 
to mix, and “blind” has acquired its 
ordinary meaning from the fact “ that 
mixture causes obscurity.” “ Blind- 
ing,” therefore, when it denotes the 
sand or fine gravel put on a road, is 
used in its onginal sense, and implies 
that the material so named should be 
thoroughly mixed amongst the stone, 
so as to fill up the empty spaces. This 
is exactly what it is meant todo. The 
interstices of the covering must be 
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filled up: before the road can become 
sertatily hard and solid. And this 
must either be done by supplying sand, 
or by allowing the traffic to grind suffi- 
cient fine stuff out of the metal. If 
not sufficiently blinded, the stones roll 
about and get rounded, which prevents 
their ever binding together properly. 
If blinded too much, the road soon 
partially consolidates, but is always 
soft, and extremely muddy and dusty, 
because it consists to a large extent of 
sand. A rough notion may be formed 
as to the proper quantity of blinding 
to apply. It depends chiefly upon the 
amount and effect of rolling, and must 
be determined by experience, but the 
following reasoning may guide us 
generally. In a layer of road metal 
there are voids to the extent of 40 per 
cent. By rolling, at least half of 
these interstices would be filled up, 
owing to the pieces of metal being 
pressed together. Twenty per cent. of 
the metal would therefore be sufficient 
blinding, and in fact it is usual to sup- 
ply from 17 to 25 per cent. But it 
will be seen that unless rolling is at- 
tended to, 20 per cent. of empty space 
will remain, which must be filled up 
by attrition from the metal. Two of 
the advantages derived from rolling 
have been already referred to. The 
whole subject is ot great importance 
and interest, and is very fully discussed 
in Mr. Paget’s report to the Metropo- 
litan Board of Works, on the Economy 
of Maintenance which it produces. For 
further imformation I must refer you 
to this pamphlet, and can only here 
state that by steam rolling 50 per cent. 
of the annual cost of maintenance is 
saved, chiefly owing to the great re- 
duction in the quantity of metal con- 
sumed, while at the same time the 
work is done more rapidly, and is of 
better quality. 

Macadam roadways have many good 
qualities, but there is one most serious 
objection to their use in towns. The 
metal wears so rapidly, that they are 
always covered with mud or dust, and 
can only be maintained in good order 
by constant and expensive repairs. 
In London it is the practice to lay 
down pavement whenever the annual 
expense of maintaining macadam 
reaches 10d. per superficial yard. In 
these circumstances the first cost of 
paving is always repaid in a few years, 
by the reduced outlay required in 
maintenance. . 

Obviously this system can be modi- 
fied in various ways, by adding cement 
to the metal. Thus, either the foun- 
dation or the top metal, or both, can be 
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quently been done. The roadway of part 
of George IV. Bridge is an old example 
of macadam concrete. This was laid 
in 1866, and seems to have stood well, 
but is how much worn on the surface, 
owing, I think, to its great hardness 
and rigidity. Mr. Proudfoot, the engi- 
neer to the City Road Trust, by means 
of the steam roller and a machine for 
mixing the cement,—also by careful 
attention to the selection of metal and 
workmanship, has succeeded in produc- 
ing much better roads of this kind. I 
fear, however, that they are deficient 
in elasticity, and would therefore wear 
rapidly if exposed to heavy traffic. 
The long time which the cement takes 
—generally about a month—during 
which the street must be shut up, is 
also a serious disadvantage. But these 
objections may not be important in 
many cases. 

On the whole, we may conclude 
that macadam and macadam concrete 
roadways, although they may answer 
well in secondary streets, should not 
be laid in main throughfares. We 
may also conclude that neither this 
system of road making nor any de- 
velopment of it, is likely to produce 
the street of the future. 

Il. Stone Pavements.—Macadam has 
hitherto been generally superseded by 
granite pavements, when its mainte- 
nance became too costly. Little need 
here be said about the construction of 
these pavements, because residents in 
a town have frequent opportunities of 
observing the whole process, A few 
points may however be noticed. A 
good solid foundation is essential, 
otherwise ‘the setts get forced down 
into it, and holes are formed in the 
street surface. The more holes there 
are, the’ greater is the wear of the setts, 
owing to the chipping and attrition 
caused by the traffic. Water also 
lodges in them, and tends still further 
to soften the foundation. The stones 
themselves should not polish easily, 
but remain rough on the surface. 
They are usually rectangular blocks, 8 
in. to 16 in. long, 7 in. to 9 in. deep, 
and 3 in. to 5 in. broad. The smaller 
thickness gives the best foothold, but 
may weaken the sett, and the ordinary 
size is 4 in. to 5 in. Pavement of this 
kind is sometimes laid on concrete, 
and the joints fronted with cement and 
sand. This makes a very firm road. 
Bituminous concrete has also been used 
with stone setts. The chief objections 
to streets of this kind are their slip- 
peryness, particularly when only a little 
wet, and the noise; also, I think, the 
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want of elasticity. The effects of the 
absence of this quality are seen, 
whether the foundation is hard or not. 
If hard, the setts are rapidly worn 
away and rounded. [f soft, they arc 
driven into it, and the surface is des 
troyed. An attempt was made to 
remedy this defect at Euston Station 
about 1843, by Mr. Taylor. Mount 
Sorrel granite setts only 3 in. or 4 in. 
deep, 3 in. wide, and 4 in. long, were 
laid on a carefully prepared foundation. 
consisting of three layers of gravel, 
each 4 in. thick, and carefully rammed. 
The setts were dressed and squared, 
and when laid were rammed with a 
56-fb, wooden rammer. This pavement 
was found to be impervious to wet, 
and very quiet, and, owing to its elas- 


| ticity, the stones did not polish or 


wear much. Unfortunateiy the success 
of this method of road making, like 
Macadam’s, depends too much on mere 
workmanship, and, when applied to an 
ordinary street, it failed. Part of 
Watling street was paved in this way. 
and stood well till destroyed by sewer 
Granite pavement 
has no doubt been a most useful kind 
of street covering, but it is hardly up 
to the standard of excellence demanded 
by the civilization and luxury of the 
present day. 1 must say I think the 
publie are not unreasonable in their 
demands, and have a right to ask for 
something better, considering the pro- 
gress now made in all departments of 
engineering. 

III. Wood Pavements have been 
tried in London at various periods 
since 1839. The best kind is that of 
the Improved Wood Pavement Com- 
pany. It consists of fir blocks 34 in. 
wide, 10 in. long, and 6 in. deep, set on 
end upon a double flooring of fir 


planks laid crosswise. The blocks are 


laid touching one another, so as to key 
across the street, but at the sides they 
are kept apart by }-in fillets nailed to 
the planks. All the timber is well 
pitched, and the joints are grouted 
with some kind of bituminous con- 
crete. Specimens of the roadway may 
be seen in Queensferry street and For- 
rest road. 

IV. Asphalte was introduced into 
London for paving purposes in the 
year 1869. Several varieties have 
been tried, but the compressed asphalte 
of the Val de Travers Company has 
been found to be superiot to all others. 
and is the only one which need engage 
our attention. It is a natural product. 
found in Switzerland, and the following 
is the method adopted in constructing 
pavements of it:—A concrete founda- 
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tion is first made, and on this asphalte 
in the form of a heated powder is laid, 
to the thickness of 2 in. or 24 in. 
Specimens of this kind of roadway 
are to be seen in Kirkgate, Leith and 
Gordon street and Hope street, Glas- 
gow. 

' Wood or asphalte pavements are in 
several respects superior to granite. 
Much less mud and dust is formed on 
them, and they are comparatively free 
from noise. They are also safer, ex- 
cept when thoroughly wet. Iam not 
aware that granite is in any respect 
superior to either them. Even if they 
should turn out to be more costly, 
owing to their requiring repair more 
frequently, and having to be renewed 
sooner, I think the advantages already 
mentioned will more than compensate 
for the extra price. Only long and ex- 
tensive experience can settle eee 
satisfactorily, because many indirect 
benefits are secured by their use, which 
it is not easy to estimate in money ;— 
and there are many expenses con- 
nected with all pavements which are 


not usually included under the head of 


maintenance. On the whole, it seems 
probable that either wood or asphalte 
is destined gradually to supersede 
granite as a paving material, at least 
in large and wealthy towns. 

It therefore only remains for us to 
find out which of them makes the best, 
or, to quote the Pall Mall Gazette, 
the “least objectionable ” road surface. 
Mr. Haywood has fully reported to the 
Commissioners of Sewers of the City 
of London as to the relative advan- 
tages, together with the probable ex- 
pense and durability of these pave- 
ments. In 1873 he made a_ very 
extensive series of observations, in 
order to ascertain their relative safety. 
It is however difficult to make obser- 
vations, on different streets in such a 
way as to admit of their being fairly 
compared with one another, because 
safety varies so much with the weather, 
and also depends to some: extent on 
the gradient of the street, the speed of 
the traffic, the state of surface repairs, 
and cleanliness. But, allowing for all 
these modifying influences, he foun 
that wood is safer than asphalte, as not 
only fewer accidents occur on it, but 
those which do happen are of the kind 


least injurious to horses and obstruc- 


tive to traffic. 

Further, Mr. Haywood considers that 
wood is the most quiet, but also the 
dearest; that they both can be kept 
equally clean, and will probably be 
found equally durable. .That they can 
be laid and repaired with about equal 


— 
nl 


facility, but that the best repairs can 
be made in asphalte. 

The general impression left in read- 
ing the report, is that except as re- 
gards safety, there is not much differ 
ence between them. Wood is, how- 
ever, about twice as safe as asphalte. 
It must also be kept in mind that the 
cost and durability is estimated from 
the tenders of the contractors, not 
from the actual experience. 

So much for the practical. results. 
Let us see which of these two pave- 
ments is likely to endure best, judging 
from theoretical considerations alone. 
Wood pavement is constracted accord- 
ing to Macadam’s principles, asphalte 
according to Telford’s. Wood is laid 
on a comparatively soft foundation, 
and the whole roadway forms a kind 
of elastic arch, which partly resists 
vertical pressure, by distributing the 
thrust horizontally through its entire 
substance. In asphalte roadways, on 
the other hand. the concrete foundation 
may be considered the real- road, the 
asphalte being merely a sort of pro- 
tection, which gives a smooth surface, 
and can be easily renewed as it is worn 
away. But this combination is, I fear, 
devoid of elasticity. Elasticity is with- 
out doubt essential to the permanence 
of a roadway. This quality certainly 
appears to be secured in improved 
wvod pavements, though notin asphalte. 
But it may be contended that the as- 
phalte covering has in itself. sufficient 
elasticity, and that it acts like a sheet 
of vuleanised india-rubber.. Possibly 
a concrete bed covered with a sheet of 
vulcanized india-rubber might-form a 
good road. I think a less vielding 
surface is desirable, and that elasticity 
of form is likely to give better results 
than mere elasticity of volume. For 
these reasons I venture to think that 
improved wood pavement. will ulti- 
mately be found superior to Val de 
Travers asphalte, and that the intro 
duction of the former has been a de 
cided step in the right direction. . I 
also think that we may look for fur- 
ther improvements in modifications of 
this system, and that a roadway having 
the requisite surface qualities com- 
bined with elasticity of form, -will 
always be superior to one whose chief 
recommendation is mere solidity. 





A Board. of, Engineers, to consist of Col. J. A Ma- 
comb, Maj, F,,U./Farquhar, and Maj. C. R. Suter, is 
appointed ita meet-at Dubuque, Ia., on the 2oth inst., 
to examiné andi réport;upon the plans and specifica- 
tions for the construction of a pile and pontoon 
bridge across the Mississippi River at or near Dubuque, 
submitted by Mr: John Quigly and others. 


Notes on Iron. 





A column of the best cast iron would 
require to be nearly ten miles in height 
before its lower portion would be crushed 
by its own weight. 

The elasticity of steel springs is consi- 
derably dependant upon the preservation 
of the original surface of the plates. A 
watch spring from which the fine blue 
tint, originally left in tempering, had been 
subsequently removed by polishing, was 
sensibly weakened. 

In repeatedly remelting cast iron, Mr. 
Fairbairn found that its strength increased 
up to the twelfth melting, after which it 
rapidly diminished. The increase of 
strength from the first to the twelfth melt- 
ing was So per cent. 

Most of the axles under the original 
rolling stock of the Liverpool and Man- 
chester railway remained sound 
twenty years of regular service. 

It 1s said that iron which has laid for a 
great length of time in one position 
becomes crystallized, and breaks readily on 
being disturbed. There has been instanced 
the case of an anchor in Woolwich 
Dockyard, which was said had lain undis- 
turbed for nearly a hundred years, but 
was finally broken with a very slight 
blow. 

The strength of iron has been found to 
be increased by being extended under a 
heavy strain,which heated it to about 500°. 
In one case, the original strength of a bar 
being 60, tons, its strength after being 
stretched about 61; per cent in length, 
was 72 tons, making a total gain of 26.51 
per cent in strength and length. By 
strength, is here meant breaking strength 
as the extensibility was diminished. 

A piece of solid iron will float on the 
surface of melted iron. 

Mr. Hodkinson observed cast iron gir- 
ders to take a permament set under from 
one-fifty-seventh to one-eightieth of the 
breaking weight ; and he remarked that 
any weight, however small, injures the 
elasticity ot cast iron. 

The mixture of 3-5ths hot blast Scotch 
iron, 1-5th hot-blast hematite, and 1-5th 
selected cast scrap, was found to produce 
very strong castings when adapted for 
girders in warehouse floors at the Liver- 
pool Docks. 

In plate iron the grain, where there 
may chance to be any, does not always 
follow the length of the plate, nor can its 
direction be determined by inspection, 
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RULES AND REGULATIONS OF THE 
Board of Public Works of the City of 
Chicago, 


For the Laying and using of Drains Connecting 
WITH THE PUBLIC SEWERS. 





APPLICATION FOR DRAINS, 


1. Application for permits to connect 
with sewers, must be made by the owners 
of the property to be drained, or their au- 
thorized agents, and must be accompanied 
by aclear description of the cone and 
of the drains required, together with the 
water closets, sinks and other fixtures to 
be connected with the same, so that said 
description may be left on file in the office. 
2. At least twenty-four hours’ notice 
must be given at the office of the Board 
of Public works, before any street or pub- 
lic way can be opened for the purpose of 
laying a private drain. Should the drain 
layer be prevented by bad weather, or by 
any other good cause, from executing the 
work at the time notified, he is required 
to report the fact to this office forthwith, 
and appoint another time for doing the 
work. 
3. No drain pipe can be extended from 
work previously done and accepted, or 
new connections of any kind be made with 
such work, unless previous notice, of at 
least twenty-four hours, is given to the en- 
gineer in charge of private drains. 
4. No work of laying drains can be com- 
menced or continued without the permit 
is on the ground, in the hand of the drain 
layer, or of one employed by him. 
RULES FOR LAYING DRAINS. 
1. The party applying for license must 
reside in the city of Chichae, be of an age 
of twenty-one years, and at the time of ap- 
amon must furnish the Board of Public 
orks with a satisfactory evidence of his 
skill and ability to perform said work. 
2. On or before the time of receiving a 
license, the party applying therefor, shall 
file a bond in accordance with the form 
prescribed by said Board. 
3. No drain layer shall allow his name 
. to be used by any other person or party, 
either for the purpose af abiatoleer per- 
mits, or doing any work under his license. 
4- In opening mw? street or other public 
way, all materials for paving or ballasting 
must be removed. with the least possible 
injury or -loss of the same, and together 
with the excavated material from the 
-aitrenches, must be placed where they will 
cause the least practicable inconvenience 
to the public. Ae little as possible of the 
trench must be dug till the junction piece 
into the sewer is found, unless it is first 
determined to make a new opening into 
the sewer. ‘ 
. Whenever the sides of the trenches 
will not stand perpendicular, sheeting and 
braces must be used to prevent unneces- 
— caving. 
. No pipes or other materials for the 
drains can be used until they have been 
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examined or approved by the City Engi- 
neer, or by one of his Assistants, or by 
a duly authorized inspector. 

7. The least inclination that can be al- 
lowed for water closets, kitchen, and all 
other drains, of not over six inches diam- 
eter, liable to receive solid substances, is 
one-half inch in two feet, and for cellar 
and other drains to receive water only, one 
quarter inch in two feet. All drains to be 
laid at a grade of not over one-half inch 
in two feet between the sewers and the 
sidewalks; the grade to be continued from 
the sidewalk or curb wall, to all connect- 
ing catch"basins, at one-half inch in two 
feet, unless written permission is first ob- 
tained from the owner to raise said grade. 

8. The end of all pipes not to be imme- 
diately connected with water closets, sinks, 
down spouts, or catch basins, are to be se- 
curely guarded against the introduction of 
sand or earth, by brick or cement, or other 
water-tight and impetishable materials. 

9. All pipes that must be left open to 
drain cellars, areas, yards, or gardens, must 
be connected with suitable catch-basins of 
brick, the bottom of which must not be 
less than two and one-half feet below the 
bottom of the outlet pipe, the diameter 
not less than three feet, and the form and 
construction of which are to be prescribed 
by the officers named in the sixth regula- 
tion. .When packing houses, butcher 
shops, lard rendering establishments,hotels 
and eating houses are connected with the 
sewers, the dimensions of the catch-basins 
will be required of a large size, according 
to the circumstances of the case. When 
the end of the drain pipe is. connected 
with a temporary wooden catch-basin for 
draining foundations during the erection 
of buildings, the drain layer will be held 
responsible, that no dirt or sand is carried 
into the drain or sewer from such tempo- 
rary catch-basin. 


10. No catch-basin can be built in the 
ublic street, but must be placed inside the 
fine of the lot to be drained, except when 
the sidewalks are excavated and used as 
vaults. ' 

11. No privy vaults can be connected 
with the sewers except through an inter- 
vening catch-basin, and the discharge pipe 
of the vault must be high enough above 
its bottom to effectually prevent anything 
but the liquid contents of the vault from 
passing into the drain. 

12. The inside of every drain, after it 
is laid, must be left smooth and perfectly 
clean throughout its entire length. 


13. In case it shall be necessary to con- 
nect a drain pipe with a public sewer, 
where no junction is left in the public 
sewer, the new connection with the public 
sewer can only be made either by one of 
the employes of the Board of Public 
Works, or when the officers of the said 
Board as named in regulation sixth, is 
present to see the whole of the work 
done. 

14. Whenever it is necessary to disturb 


a wooden drain in acthal use, it must in 
no case be obstructed without the special 
direction of one of the officers named in 
Regulation sixth. No pipe drain can be 
laid above the bottom of a wooden drain, 
whether in actual use or not, unless the 
pipe is made to rest either on puddled 
earth, brick or stone; in no case will it be 
allowed to let drain pipes rest on wood or 


other perishable material. 
15. The back filling over drains, after 
they are laid, must be puddled, and to- 


gether with the replacing of ballast and 
paving, must be done so as to make them 
at least as good as they were before they 
were disturbed, and to the satisfaction of 
the Board of Public Works, and the 
drain layer will be held responsible for 
any subsequent settlement of the ground. 
All water or gas pipes must be protected 
from injury or settling, to the satisfaction 


of the said Board and of the Gas Com- 
pany. 

16. Every pipe-layer licensed by the 
said Board must enclose any opening 


which he may make in the public streets 
or alleys with sufficient barriers, and must 
maintain lamps at the same at night, and 
other necessary precaution to guard the 
public effectually against all accidents 
from the beginning to the end of the 
work, and can only lay drains on con- 
dition that he is to be held liable for all 
damages that may result from his neglect 
of any necessary precaution against acci- 
dents to persons, horses, vehicles, or pro- 
perty of any kind. 

17. In case a water or gas pipe should 
come in the way of a drain, the question 
of passing over or under the water or gas 
pipe, or of raising or lowering it, must be 
determined by one of the officers named 
in Regulation sixth, in no case can the 
pipe layer be allowed to decide the 
question himself. 

18. No exhaust from steam engines 
can be connected with the, public or 

rivate drains, and no blow-off from steam 
oilers can be so connected, without special 
permission from the said Board or its en- 
gineers. 

19. Drains laid within the city limits, 
in and from houses on streets’ where 
no public sewers are yet laid, must be 
done according to the above regulations 
in every particular, except that no permit 
is required for the same until the con- 
nection is made with the sewer; twenty- 
four hours’ notice must be given of the 
intention to lay such drains. 

20. Such information as the Board has 
with regard to the position of junctions, 
will be furnished to drain layers, but at 
their risk as to the accuracy, of the same. 

21. When any change of direction is 
made in the pipe, either in a horizontal or 
vertical direction, curves must be used; no 
pipe can be clipped in any case. 


ORDER OF THE BOARD. 


It is ordered that when a drain layer is 
suspended for a violation of the rules of 
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the Board, the suspension shall not be for 
less than thirty days, unless the charges 
shall be proven unfounded; mistakes of 
the employes will not be a sufficient ex- 
cuse to exonerate the drain layer from 
suspension ; he will. be held strictly ac- 
countable for all their deeds to the Board. 
Adopted April rst, 1874. 





East Indian Railways. 





We are very apt in America to boast of 
the great extent of the railway system of 
our new and growing country, but here, 
away off in far away India, are gigantic 
trunk lines of railways which bid fair to 
eclipse even our own. The length of 
India from north to south may be taken at 
1,800 miles, and its average width at per- 
haps 1,000 miles. Yet within this area 
have been constructed, in the short space 
of eighteen years, no less than 5,500 miles 
of railways, the total cost of which has 
not fallen short of $500,000,000. The av- 
erage cost per mile has been $85,000, These 
roads have been, I should judge, well and 
thorougly constructed, and are nearly all 
earning good dividends. All these rail- 
ways have been built by private English 
companies. C.C. Coffin, in his interest- 
ing book, “Our New Way Round the 
World,” tells us that “the English Gov- 
ernment aided these companies, by making 
over the land for a term of ninety-nine 
years, and also guaranteeing five per cent. 
interest during the same eadied ou the 
money spent in construction. All income 
is paid into the Government treasury; 
after meeting the working expenses, the 
remainder is devoted to repaying the five 
per cent. interest guaranteed for the cur- 
rent year. If there is a surplus one-half 
is divided between the stockholders and 
the Government, that for the Government 
being for arrears of interest accumulated 
while the road was under construction. 
When all arrearges are paid the companies 
are to receive 10 per cent., but should the 
income exceed that rate, the authorities 
will have power to lower the fares. The 
property is to revert to the government at 
the end of ninety-nine years. Either com- 
pany might surrender its franchise after 
three months’ operations, and the Govern- 
ment must take the road at its original 
cost.” 

This system of building railways has so 
far here in India proven a success. Who 
knows but what the same would work 
equally well in the United States? The 
Indian railways are well and economically 
run and managed, and nearly all paying 
good dividends. Last year the tenting 
line, the East Indian Railway, which runs 
from Calcutta away north to Delhi, and 
owns and controls 1,500 miles of railway, 
earned 15 per cent., of which two-thirds 
went to the Government under the law 
just detailed; but last year its receipts were 
exceptionally great, owing to the enor- 
mous shipments madé over its lines to the 
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famine districts. Railway traveling in 
India at this season of the year is not fa- 
tiguing, and may even be termed luxuri- 
ous. The first and second class cars, or 
wagons, are large, clean, and airy, quite 
double the size of English or French rail- 
way compartments, and in general inter- 
nal arrangements on the Swiss system. 
Although the famous Pullman cars, the 
comforts and conveniences of which I 
have to describe daily to inquiring fellow- 
travelers, have never been introduced 
here, yet each first-class compartment on 
the Indian railways can, by letting down 
a few straps, be converted into fairly com- 
fortable sleeping cars. No linen or bed- 
ding is furnished, but clean and well kept 
washing and retiring rooms are attached 
to each first-class compartment. The 
main profit of the railway companies 
comes from their third and fourth class 
native passengers. All the natives, rich 
and poor, huddle and herd together like 
so many cattle in these low-class wagons, 
and every train appears loaded with them. 
I was told that were a fifth or even a sixth 
class car furnished they would seek it for 
economy’s sake.— Chicago Tribune. 


Notes on Building Materials, 


MacAdam did not employ a rough pave- 
ment for the foundation of his broken 
stone, and however convenient it may be 
to apply the term “macadamising,” it does 
not properly attach to roads so formed and 
covered with broken stone. 

On the completion of the Plymouth 
breakwater, it was estimated that 37 per 
cent. of its gross bulk consisted of intersti- 
tial space. 

Broken stones, in fragments of from 1 
in, to 8 in. in diameter, does not naturally 
pack so closely as to contain less than 48 
per cent of its gross bulk of water in its 
interstices. 

Clay containing from 8 per cent to 10 
per cent of oxide of iron burns to a blue 
or almost black colour. Such bricks are 
common in Staffordshire, and where the 
body is a fire clay, the iron contained in it 
is melted and forms a complete metallic 
coating to the brick. 

One-third lime to two-thirds burnt clay 
makes a strong hydraulic cement. 

Stourbridge clay contains 46.1 per cent. 
of silica and 38.8 per cent. of alumina, the 
residue being water. 

The block of stone which serves as the 
pedestal of the statue of Peter the Great 
at St. Petersburg weighed, when first 
brought to that capital from Finland, 1100 
tons. It was 42 ft. long at the base, 36 ft. 
at the top, 21 ft. wide and 17 ft. thick. 
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Puzzolana is a pulverulent volcanic 


earth, found at Puzzuoli, near Naples, and 
is composed chiefly of silicaand alumina 


The road from Tein-Tsin to Pekin is 


macadamized, and the Chinese assert that 
all their principal roads have been thus 
protected for centuries. 


In making concrete it is preferable, 


instead of employing one part of ground 
lime to six of ballast, gravel, or burnt clay, 
to use one of ground lime, five of bal- 
last, and one of sand. 


Concrete is generally more or less po- 


rous, readily passing water in wet soils, in 
which it requires careful draining. 


Many of the Roman brick were 2 ft. 


long, 9 in. wide, and 3% in. thick. They 
were of excellent quality, and still exist in 
a more perfect state than the stone mason- 
ry of the same period. 


The oldest brick work in London is 


that of Lollard’s Tower, Lambeth Palace, 


built in 1454. 





Recent Progress in Science. 





The great problem of the day is how 
to subject all physical phenomena to dy- 
namical laws. The obstacles are innumer- 
able, but we shall not rest till they are 
overcome. We applaud with good reason 
the brilliant results of experimental re- 
search, but mathematical analysis with its 
multitudinous applications is the only key 
which will fit the intricate wards in the 
treasury of science. Through her mathe- 
maticians, England holds to day a position 
in science that she has not held before 
since the days of Newton. In Germany the 
physicists do not hesitaty to grapple with 
the most intricate problems. In France 
the scientific spirit is aroused to a degree 
unknown since that which preceeded her 
first revolution. Her association for the 
advancement of science has sprung almost 
at birth into full grown power. The 
words of its first president are as true for 
the United States as for France: “the 
strength and glory of a country are not 
in its arms, but in its science.”—.Selected. 





Crostinc Cracks tn Cast Iron 
Stoves.—Good wood ashes are to be 
sifted through a fine sieve, to which is to 
be added the same quantity of clay finely 

ulverized, together with a little salt. 

he mixture is to be moistened with 
water enough to make a paste, and the 
crack of the stove filled with it. The ce- 
ment does not peel off or break away, and 
assumes a degree of hardness after being 
heated. The stove must be cool when 
the application is made. The same sub- 
stance may be used in setting the plates 


of a stove, or in fitting stove pipes, serv- 


ing to render all the joints pertectly tight. 





